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TNTRODUCTION

Genrva[ Cout ]tinc is h^.*:ued approrimaely l8 miles nonh rvest of Hunungton. Uhh. The snrc
te.rse !lL-11569 rllows rhe Genrval Cod Company to mine unrJer all of sccrion 36 of the Rild:r
C.rnyon quadrangle_ in thc Unh geological and minera,l sun'ey mrp. The mining is being cr,med
out in the neerly tlat-lyin-e. Hirvatha cor,l scarn with an r,verage thickness of E tt lying u ur
rv:rage depth of t600 ti betow the surtr,ce. The ovenil mining partern for the initial suge of
mining is shown in Figure t. Ar rhe wesrern end of rhrs leasc. mining begins ar t00 fr frori ue
lec'sc boundary. The current mining ptnern m rhis er.C consiss of five 20 ft enaies sepc6cd
by four 50 tl rvide chains of pillars, nrnning from north-to-sourh sides of rhe propery (Figurc h).
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Figure l: fui overall map of Genrval ltine Showing Inidrl Stage Mining Plsn Snc Lcasc
tvtl - 21569.

It is planned in the next phrse to mine our rhe three left pillors (Figurc 2a), cmdng rp-
proximately 770 ti rvide pc,nel tlanked by intacr cocl on the west sidc rnd thc 50 ft wide founh
piilu follorved by 20 ti rvidc enrry on rhe easr side of the purel. As the mining condnues funher
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a) Sccdon Along rhc Panel - Currcnt Suge of Mining Showing Rooms urd Pitlan

2 ?  O ' ,

L a a t a  e o s n c a r Y

b) Section Along the Panel - Proposcd Pillar-Puiling Scheme

Figure 2: Current and Proposed Mining Plans for the West-End of thc Properry

to the ecsr ir is expecrcd ro leave a 250 tl wide pillar beyond the lcst entry (Figurc ilb). Thus
the proposed secondary mining (piilar-pulling) operltion rviil result in ur overall ccovery of
approximarcly 50Va. The puraose of this snrdy wasi to make a Pre[rdnary asscssment of the
nature of any potential subsidence due to the proposed mining (pillar.pulling) operation.

)- STIBSIDENCE CAL CULATION

2.1 National Coal Board Technique

The Narionrl Coal Borrd (NCB) of England has publishcd an empirical sct of rules and graphs
for compudng rhe mlrimum subsidence and thc subsidcnce profiles over cod mines NCB, 1975).
These empirical rules and graphs are developed from observrtions over a large number of
longrvall mining operarions in iin-ete urd muhiplc ser.ms in Englurd. Nevenhelessi. the NCB
technique of subsidence prediction provides a fusrhrnd guidrnce for other tbrms of mining
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operttir)n.s in urhcr -leognphicd .rreu: ,^us rvell. [n porticuiur. for the Propr)scd mining :,rt Genrvrl
!linc re.suldng rn the purel lengrh ro rvidrh riltio of tpproxlmlcty is t:t7. it is very rcrsonrble
lo irssume r longwull siturdon.

The follorving calcuhrtions lrc bued on rhe )iCB rcchnique:

' Assume: E.rmcrcd width. w = 270 ft (82 m)
Deprh of Cover. h = t.600 tl (188 m)
E.rcr,varcd Height m = I ft

' From thc NCB cu$es (p. 9) : S.1r. /m = .077
wherc, Slr., = lvtr.riruum subsidence, tt the cencr of the putel width.

Thercforc, S:,r- = .6t tt

' With a virgin ground rcduction factor of .9, S:ur.* = .55 ft = 6.6 in.

. A frrnily of curves give rhe subsidence S at any disnnce d from the centcr of the purel
as a fraction of he ma.rimum subsidence Sr1., ot the cenrcr. Thesc curves are plots of the
nondimensionalizcd ratios w/h vs. d/tr tbr S/Sma.r vaiues ranging from 0 o l. In the
prcscnr casc, w4r = 370/160Q = .17. The NCB family of cunres arc drawn up to a lorver
Liruit of w/h = 0.2 oniy urd l,rc not applicablc in the prcsent c:$c.

Commonly obscrved drarv urgle in rhe western U.S. rcgion lics berween 2Oo o 35o. For
drarv angles of ranging benveen 20o to 40o, he corrcsponding critical wid6 of an opcning
as conventionally acceprcd is given as nnging benveen .72h to 1,.6h ,(h being dp seam
depth). By these snndards rhe opening in the curent casc has undoubadly a subcriticd
width (270 tl). Untomrnarcly, for subcridcal openings, the empirical cchniques bascd on
subsidence facror (Vm) are nor very reliablc rnd .rrc iikely to overestimatr the marimum
subsidcncc rs well cs the dnrv angle.

Deer Creek lVli.ne Subsidence Study

U.S. Buretu of mines has published (Allgaier. t98g) the rcsuls of ut excnsive, long'arm
subsidence invcsdgadon over rhc Deer Creek lvlinc (owned and opcrarcd by tttc Unh Power &
Light Company), apprcximarcly 7 miles soufi of the Genrvrl Mine Sia. Tttc s$dy consisad of
monitoring subsidence over four longwall purels mined in the Blind Curyon cool sctm over a
period of four yea$. Btind Curyon coal scrrn is approximarcly 70-ft above the Hiwatha coal
seam being minetl ar the Genrval .\line. Since the ovenll stratigraphy at thc Deer Crcek ltine
Site is generaily rhe same rs u rhe Genrval lvtine Site. it is msonrble to itssume hat the
inferences drlrvn from rhe USBII study could be rpplicable to the Gcnrval lvlinc as well.
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Follorving _senenl obsenuuons cln be madc:

. tt opp€rrs that tbr r single purcl of width .t$0'ft driven to rpprorimalcly t.600.fr rhc
mr.rimun subsidence over tJre panel was less thu 3 inchcs.

' The draw urgles obscrved ar both tonginrdinal ends of each purel varied from 260 to 38o.
Thc rvenge draw urgle for thc endrc operadon has been Gportcd as 30o. [t hrs been
mcndoned har this aventge value of 30o can be uscd o definc the lirait of subsidcnce
beyond thc tiruir of ruining. This conclusion is bascd on the excavadon of 4 adjacenr
panels. covering ur overall arer of approxirnarly 2,400 ft x 2,400 ft, however. A crrcful
investigation of the subsidence conrours ptottcd u various sEges of nining shows thar
for a singlc panel of .t80 ft widrh. the draw angle on the (virgin ground) rib-sidc was
closer to 25o. Funhermorc, rhc sratigraphy u the Deer Creek Minc scens to lack
continuous, conpetenr columns of sandstone iE exhibiad in dle DH.7 column at the
Genwal tvtine Sia. Considering these facrcrs, it is believed that the acnral dnw angle.
in the case of a subcritical opening a,s proposcd u the Gcnwal Mine should be nrrch low-
a e
V a .

23 Elastic Analysis

A simple, wo-dimensionaL linear-elastic analysis was conducrcd rsing thc narcrial proprtics
and seam lcvel coruuains guided by thosc rcponed in rhe Scnau Geomechanicg lnc., repon
(SGI. t99l). A boundary element compucr prognn "TABEX-2D" was uscd for this purposc.
The overburden in this analysis is trearcd as a single layer medium. An equivolcnt sct of etasic
propenies for rhis medium is calculaad from thc SGI dau for the component layec given below
in Table t. The componenr layer stradgraphy wls consructcd by the SGI bascd on the
geological log obtained from wellbore DH-7.

If H rcprcsens the toul rhickness and E rhe equivalent Young's Modulrs, E can bc obtdned
using an approximate rcladonship given below:

H-Hr^Hr-Hr.1.Ht
E.E;.q.q-E E;

( l )

This gives the equivalenr Young's Modulus f, = 3.5 x 106 psi. The eqlivotcnt Poisson's Ruio
of .2 was assuted in rhe uralyses. The 5th layer of silsone lying bclow tbc coal layer is
included in the equivalenr moduius calculrdon on the prcmise thu ury scttlcnent below thc coal
la,yer is confrned within thc immediare floor layers.

The bascline ctse was analyzed for rhe mining i.t * rvith o 270 ftwide opning os shown in
Figure 2b. No consrr,in6 werc imposed at the seam level in this casc, cxcept that no stllsscs
were utnsmiued through the mincd ion.t and the unmined coal behrved elrsticrlly (Young's utd

TerrqTek
UnivmitY Rcscarcb Park

{20 Wakan Way ' Salt Lrtc City. Uolr E'll0E
l  r  

"  
' i J  t ' '  "  - : i ' - -  "

FAX (tol) 5gJ'2106



TR9:'+7 Preliminury Sruy'y oi Porcnti,tl Subsilence
s c . i i i . J C i

P . r cp  i

Tubte l: Stntignphy rnd Ehstic Propenies Assumed in rhe SGI Rcporr

Layer t
( i )

Componen
t Layer Thickness

(r1) (H,)

Young's
!todulus
(p.si) (E)

I Shrle t12 tx t06

2 Sa,ndstone t ,0E8 3.375 x t06

3 Silsrcne 40t 6.86 x 106

4 CoaI r0 .2EE x t06

5 Silstone 3E9 6.E6 x t06

shear moduli: Er*f = .29 x 106 psi and G.*l - . t2 x td psi). As inuidvely expeccd, very little
seam closure (<l inch) and high pillrr sresses ( in excess of 5,000 psi) were obscryed. if,ir it
undersnndablE, since no roof brcak and pillar yielding is allowed in cn elastic rnrlysis.

A sct of addirionrl runs were made in rvhich a secl! closure of 6, lt, and 24 hrches, respectively
rverc imposed in thc mined out are$. thus rclieving thc high strcsscs in the rib arcq and in some
sense simuladng the pillar yielding siuadon. [n order rc put thesc in perspcctive, it should be
mendoned that the maximum loom closurc for a 100 ft opening calerrlarcd in dtc SGI rcpon
(Case 5: all the pillars knocked offl is 2.3 inches, afcr accounting for rcalistic nardfesanions
such as Pillar yiclding, immedirte roof break, and the time dependent efrccts. The snbsidence
profiie for all four cascs arc shorvn in Figurc 3.

It is clerr from Fi-eurc 3, thar even in the worst case analyzcd with a sc!u! closurc ol,24 irches.
the manimum subsidence rcsulting cr thc surface is only of the ordcr of 3.5 inchcs. The proEle
is Frcddously elongacd on eirher sidc of rhe opening due ro two Fasons:

l. The imposcd uniform closures over the entirc opening, urd

2. Built-in deficiency of the elrstic rnalysis

It is rvell esublished thrt the elastic uralysis bascd on an isotropic rock mass considcration. in
general. predics lower manimum subsidence and highcr draw angle as comportd o that obsctred
in practice. Transvcr:cly isotropic characterizadon of the rock mass occounB for thc prcscnce
of suadfication and provides morc rerlisric subsidence profiles, if drc rock nass is rrarcd as r
monolithic srucnttr. Considering hesc fictors, it is reasonable o as$tu durt thc ac$d
subsidence profile will have slopes steeper than thosc exhibiad by thc curv6 in Figure 3. It
must rlso be pointed out that the predicted subsidcnce include uty subsidencc thu rnight a!rcrdy
have nkcn phce.
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Subsidence ProFrles from Ehstic tuialysis of the Proposcd Mining Pattern in the
West-End Purel. (Various curvcs are for differcnt closurc valncs - w, imposcd
over endre opening)

Figure 3:

TerrcrTek
UnivcrsttY Rcscarcb hrk

4?0 wafan way . Salt Lrle Gty, Utab E{l0t
Telepbonc (g0l) 534'2{00

FL\ (S0l) 5E+2{06



LJ€ l1\r L1 L OJt L0rnpJ.1v
TR92-J7 Preliminan Srur/v of porcnriu! Subsidence

U C L 3 f i C C :  1 .  1 7 7  t

PrSe 7-

3 CONCLUSIONS

On the basis of thc pelininrry uralysis rcporad hcrc. it is estimrcd thar the proposed pillu-
pulling schcme will result u thc surfrce r mrxirnum subsidence of not more than 3 o + inches
* appro:timaaly 2.10 ft iruidc thc lcrsc-boundary at the wesr+nd of rhe propeffy. The draw angle
over thc intacr coal is cxpecrcd to be of the ordcr of 20o.

Morc definidvc surcmens to thesc efrecs supponed by accrrraa and morc rcalistic subsidence
proflrles cur only be provided by conducring a detailed analysis in conjuncdon with laboraorv
tcsB to dercrmine the dcfotmational characrcristics and failurc bchavior of the constinrenr layers
of the rock mass.
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